The red alga Gigartina alveata (Turner) J. Agardh was collected by Joseph Banks in New Zealand in 1769 during Captain Cook's voyage on the Endeavour (1768-1771) and was originally described as Fucus alveatus. This species forms a conspicuous band on rocky outcrops on open sandy beaches of the northern North Island in the mid-intertidal zone. The thallus is narrow, linear, channeled and repeatedly dichotomously branched, with the apices often curled and crowded, giving the plant a bushy appearance. Growth is multiaxial with the formation of parallel files of medullary filaments cross-linked by secondary pit connections in a reticulate manner. Cystocarpic plants greatly outnumber male or tetrasporangial individuals. Tetrasporangia are transformed from inner cortical cells, as in some basal lineages of Gigartinaceae, and secondary tetrasporangial filaments are absent. Spermatangial parent cells form spermatangia in clusters of four to five in pits surrounded by exerted cortical filaments. Procarps are typical for Gigartinaceae and consist of a supporting cell that bears a sterile cortical filament and a recurved three-celled carpogonial branch with the supporting cell functioning as the auxiliary cell. After presumed fertilization, cortical cells above the auxiliary cell form rosettes of small-celled filaments, and medullary cells undergo intercalary transverse divisions to produce modified cells that also bear rosettes of small-celled filaments. Gonimoblast filaments ramify through the medulla and may fuse with modified medullary cells, and carposporangial chains arise from these cells or directly from gonimoblasts. Surface cortical cells form a multiaxial meristem that surrounds the developing gonimoblasts to produce an envelope with an ostiole. A typical pericarp formed from secondary vegetative filaments is absent. In virtually every respect, the postfertilization development of the cystocarp is unique among members of the family Gigartinaceae and justifies the recognition of the new genus, Psilophycus, to contain the plant presently known as G. alveata.
INTRODUCTION
The red alga Gigartina alveata (Turner) J. Agardh was collected by Joseph Banks in New Zealand in 1769 during Captain Cook's voyage on the Endeavour (1768-1771). It was originally described as Fucus alveatus Turner (1811-1819) from a sample taken 'On the coast of New Zealand. Sir Joseph Banks, Bart'. Characterized as a 'gregarious' plant by Hooker (1867) , this species forms a conspicuous band on rocky outcrops on open sandy beaches of the northern North Island of New Zealand. The habit of cystocarpic plants was illustrated by Laing & Gourlay (1929) . Setchell & Gardner (1933, p. 297) placed this species in 'Series C. Palmatae, subgenus Mastocarpus, section e (as 'c') Alveatae' along with Gigartina ancistroclada Montagne. They stated that a feature of the Alveatae is that the cystocarps are all practically sessile and devoid of an inner pericarpic layer. They also commented that no tetrasporangia had been found. Lindauer (1939) was the first to report and illustrate tetrasporangial thalli in this species on the basis of collections from several northern localities. Chapman (1979, p. 392, fig. 111 : 1-3) later mislabeled Lindauer's figures of tetrasporangial sori as 'spermatangial sori'. Male plants are described here for the first time.
On the basis of developmental and morphological characters Hommersand et al. (1993) placed 69 Gigartinaceae into seven genera (four extant and three reinstated) whilst leaving G. alveata as incertae sedis. These results were supported by subsequent research involving a phylogenetic analysis on the basis of rbcL data, and G. alveata was recognized as an undescribed monotypic genus (Hommersand et al. 1994) . This opinion was supported by the observation that the tetrasporophyte of G. alveata contains an unusual l-type carrageenan. It contains not only a significant concentration (22 mole%) of 2-sulfated 4-linked galactopyranosyl (D2S) units as in j-carrageenans but also an especially high concentration (8 mole%) of unsulfated 4-linked galactopyranosyl (D) units (Falshaw & Furneaux 1995 , 2009 . Hommersand et al. (1999) integrated both phylogenetic analyses and anatomical and morphological observations updating the systematics of the Gigartinaceae in which they recognized 'Gigartina' alveata as a basal lineage in the family.
In this paper we describe a new genus for this taxon and present the results of morphological and anatomical investigations.
MATERIAL AND METHODS
Specimens were examined from the following herbaria: The Natural History Museum (BM), Trinity College (TCD), Herbarium, Royal Botanic Garden Edinburgh (E), Botanical Museum Lund (LD), Museum of New Zealand Te Papa Tongarewa (WELT), Auckland War Memorial Museum (AK), The Allen Herbarium (CHR), and the Herbarium of the University of North Carolina at Chapel Hill (NCU) (Fig. 1) . Voucher specimens are deposited in WELT and NCU. Herbarium abbreviations follow Thiers (2010, continuously updated) .
Algal samples for morphological studies were preserved in either 5% or 10% formalin-seawater and stored in 5% formalin-seawater or pressed on herbarium sheets. Slides for microscopic examination were sectioned on an AO Spencer Clinical Microtome (no longer manufactured) provided with a CO 2 freezing attachment unit. Sections were stained with 1% aqueous aniline blue acidified with 1% HCl and mounted in 50% or 80% KaroH syrup (ACH Food Companies, Oakbrook, IL, USA).
For image documentation, we used an adapted Sony Cyber-shot DCS-H9 (Sony Corporation, Tokyo, Japan) digital camera on a transmitted light Zeiss photomicroscope III (Carl Zeiss, Thornwood, NY, USA). Some of the digital photomicrographs presented in this paper were combined from multiple images of different focal depths using Helicon FocusH 4.2.1 software (Helicon Soft Ltd., Kharkov, Ukraine). Most 35-mm film-based negatives were scanned at 1200 dots per inch (dpi) using a Nikon Coolscan V ED (Nikon Corporation, Tokyo, Japan) slide scanner. Additional 35-mm and 4 3 5 inch film-based negatives were scanned on an Epson Perfection 4990 photo color scanner (Seiko Epson Corporation, Nagano, Japan). Recent herbarium specimen images were scanned at 600 dpi with a Microtek ScanMaker 9800XL (Microtek International, Inc., Hsinchu, Taiwan) and saved in tagged image file format. Photographs of historically important herbarium sheets were made with a 35-mm Kodak Plus-X (5062) (Eastman Kodak Company, Rochester, NY, USA) negative film using an ALPA Model 6 (ALPA of Switzerland, Zurich, Switzerland) camera and ring flash. The photographic plates were created using Adobe Photoshop CS3 (Adobe Systems, San Jose, CA, USA).
RESULTS
Psilophycus W.A. Nelson, Leister & Hommersand gen. nov.
Thalli e basi crustosa dense aggregati quaque parte erecta e stipite curto cylindrico et usque ad ordinibus duodecim ramorum angustorum compressorum dichotome divisorum canaliculatorum qui in apicibus revolutis terminant. Augmen multiaxiale per cellulas apicales transverse interdum oblique dividentes quae producunt series longas filamentorum parallelorum quae constituunt medullam et filamenta divergentia quae formant corticem; cellulae filamentorum primariorum medullosorum lateraliter concatenatae foveis coniunctionibus secundariis tempore elongationis cellularum, ut filamenta medullosa disponuntur in seriebus longitudinalibus et connectuntur lateraliter retia rectangularia formare; filamenta secundaria 1-cellularia longitudine, a cellulis medullosis nuper elongatis producta et crescentia diagonaliter per matrices intercellulosas et connectentia a fovea coniunctione secundaria ad cellulam medullosam in cellula serie contigua; filamenta corticalia deflexa per angulum circa 45u maturitate, infrequenter ramificata et constata e cellulis 8-10 ellipsoidalibus quae sibi et cellulis medullosis basi quarumque serierum foveis coniunctionibus secundariis coniungunt. Gametophytae dioeciae, spermatangiis in fasciculis cellularum 2-5 e cellulis terminalibus omnilateraliter ramorum fertilium natis et formantibus foveis non profundis filamentis sterilibus corticalibus protrudentibus circumdatis. Procarpium portatum secus margines et paginas convexas arcu apicis crescentis revoluti, oriunda a divisionibus concavoconvexis successivis cellularum superficiei producere cellulam sustinentem ferentem filamentum corticale singulare et ramum carpogonialem curvatum 3-cellularem carpogonio sedenti super cellula sustinenti qua faciat aeque cellulae auxiliari; coniunctio carpogonii cellula auxiliari non observatus; cellulae corticales supra cellula auxiliari abscindentes filamenta cellularum parvarum post fecundationem praesumptam; cellulae medullosae interiores cellulae auxiliari subeuntes divisiones intercalares transversaliter, quaque cellula filiali producente rosulam cellularum parvarum; filamenta gonimoblastica genita pagina interiore cellulae auxiliaris et ramificantia radialiter in parte interiore thalli, cellulis gonimoblasticis elongascentibus et penetrantibus inter cellulas medullosas modificatas brevi-cellulares; carposporangia lata in catenis ramificatis simplicibusve 3-5 cellulae longitudine, evoluta aut cellulis gonimoblasticis directe aut filamentis gonimoblasticis cellulis medullosis modificatis coniunctis quae invicem catenas carposporangiales producunt. Cystocarpia subsphaerica, emergentia marginibus lateralibus et lateribus convexis thalli post apices curvatos; pericarpium interius constatum e filamentorum secundariorum absens, gonimoblasti maturi denudati, circumdati involucro constato e corticis exterioris crassi et filamenta medullosa primaria protenta convergentia formare ostiolum centrale; carposporae maturae emissae gradatim per ostiolum et substitutae catenas carposporangiales novas dum cystocarpium in ambitu auget. Tetrasporangia raro inveniuntur, lata in soris in plantis disjuncta, pro parte maxima in latere convexo ordinum quinque postremorum ramorum; tetrasporocyta intercalaria, transformata e filamentis corticalibus primariis in catenis ramificatis simplicibusve filamentis secundariis carentibus; tetrasporangia cruciate divisa.
Plants densely clustered from a crustose base with each upright consisting of a short cylindrical stipe and up to 12 orders of narrow, compressed, dichotomously divided canaliculate branches that terminate in revolute tips. Growth multiaxial by means of transversely and occasionally obliquely dividing apical cells that produce long files of parallel filaments that comprise the medulla and diverging filaments that form the cortex; cells of the primary medullary filaments linking laterally by secondary pit connections at the time of cell elongation, such that the medullary filaments are aligned in longitudinal rows and connected laterally to form rectangular networks; secondary filaments one cell long, produced from recently elongated medullary cells and growing diagonally through the intercellular matrix and linking by a secondary pit connection to a medullary cell in an adjacent cell row; cortical filaments deflected at approximately a 45u angle at maturity, infrequently branched and composed of 8-10 ellipsoidal cells that link to one another and to medullary cells at the base of each file by secondary pit connections. Gametophytes dioecious, the spermatangia initiated in clusters of two to five cells from terminal cells on all sides of the fertile branches and forming shallow pits surrounded by protruding sterile cortical filaments. Procarps borne along the margins and convex surface at the curve of the revolute growing tip, derived by successive concavo-convex divisions of surface cells to produce a supporting cell bearing a single cortical filament and a curved three-celled carpogonial branch with the carpogonium sitting directly above the supporting cell, which may function as an auxiliary cell; fusion of the carpogonium with the auxiliary cell not observed; cortical cells above the auxiliary cell cutting off small-celled filaments in rosettes after presumed fertilization; medullary cells interior to the auxiliary cell undergoing intercalary divisions transversely, with each resulting cell producing a rosette of small cells; gonimoblast filaments issuing from inner side of auxiliary cell and branching radially into the interior of the thallus, the gonimoblast cells elongating and penetrating between the short-celled modified medullary cells; carposporangia borne in unbranched or branched chains three to five cells long, developed either directly from gonimoblast cells, or the gonimoblast filaments fusing with modified medullary cells that, in turn, produce the carposporangial chains. Cystocarps subspherical, emerging from the lateral margins and convex side of the thallus behind the curved tips; inner pericarp composed of secondary filaments absent, the mature gonimoblasts naked, surrounded by an envelope composed of a thick outer cortex and stretched primary medullary filaments that converge to form a central ostiole; mature carpospores released progressively through the ostiole and replaced by new carposporangial chains as the cystocarp increases in girth. Tetrasporangia rarely encountered, borne in separate plants in sori, mostly on the convex side of the last five orders of branches; tetrasporocytes intercalary, transformed from primary cortical filaments in unbranched or branched chains with secondary filaments absent; tetrasporangia cruciately divided. 
Figs 2-33
Plants cartilaginous, blackish purple to dark reddish green, growing in dense aggregates from discoid holdfasts on bedrock, juvenile thalli cylindrical up to 3 mm tall from a disc that forms descending filaments up to six cells long. Adult thalli consisting of up to 12 orders of dichotomously divided branches with most of the branching taking place near the tips giving the plant a tufted appearance; mature axes compressed, 2-3 mm wide by 1-1.5 mm thick, concavoconvex with the convex side inflated and the margins curved toward the concave side forming a channel, the tips curved or rolled back toward the convex side in sterile, cystocarpic and most tetrasporangial plants and straight in male and some tetrasporangial plants. Medulla compact with the filaments aligned parallel in longitudinal section and linked laterally to form rectangular networks; the mature cortex thicker on the convex side and thinner on the concave side. Spermatangia on both the convex and concave sides of fertile portions of male thalli formed in depressions surrounded by sterile cortical filaments. Cystocarps subspherical to spherical, sometimes bearing hornlike projections, sessile, solitary or aggregated near the tips along the margins and on the convex side of the thallus. Tetrasporangia in soral patches on the convex side of the last three to five dichotomies, occasionally on both sides, the cortical sori shed leaving bare areas after tetraspore release. ISOLECTOTYPES: Specimens on a sheet without barcodes mounted adjacent to the lectotype sheet and labeled 'Herb Banks, New Zealand' and 'Gigartina alveata'; two pressings on the same herbarium sheet at TCD (barcode TCD0012848), the one below labeled 'Herb Banks, G. alveata' and the one above labeled 'Fucus, New Zealand, Sir Joseph Banks'; a Banks specimen at the Agardh Herbarium sent by Harvey to J. Agardh: LD 23721 (Fig. 4) (Fig. 1) . Psilophycus alveatus is found on rocky reefs near sand on exposed coasts (Fig. 10) . It is a zone-forming species in the mid-intertidal zone, occurring with barnacles, and in its lower distribution range on the shore, with Pachymenia lusoria (Greville) J. Agardh.
SEASONALITY: Thalli perennial, juvenile thalli commonly seen developing at the margins of established clumps, although newly established holdfasts and erect axes are also found within the zone occupied by this species (Figs 11, 12) . Some individuals may be loosely branched at the apex (Figs 2, 4, 6), whereas the terminal branching may be dense, giving the thallus a bushy appearance (Figs 3, 5) . Cystocarpic thalli (Fig. 8) found year round, occurring more frequently than male (Fig. 7) or tetrasporangial thalli (Fig. 9 ). 
REPRESENTATIVE SPECIMENS EXAMINED

VEGETATIVE DEVELOPMENT
Thalli of Psilophycus alveatus less than 2-3 mm tall are entirely cylindrical. Even so, all the vegetative tissue types of the mature thallus are present. A longitudinal section through the tip of a juvenile plant 1.6 mm high reveals how these tissues are related developmentally (Fig. 13) . The basal part of the young terete thallus consists of files of short cells that are cross-linked by secondary pit connections and are attached to the substrate by parallel filaments of slightly elongate cells five to seven cells long (Fig. 14) . Apical cells of actively growing adult axial filaments are subspherical to slightly elongate (1.0 mm broad and up to 2.4 mm long). Thalli grow in length and add cells to the longitudinal axis by transverse divisions. Occasional oblique divisions initiate laterally deflected filaments that add to the girth of the thallus (Figs 15, 16 ). Dichotomously branched radiating filaments formed by oblique divisions diverge near the tip of the thallus maintaining a thick surface layer (Fig. 16) . A short distance behind the tip these filaments differentiate into cortical filaments composed of moniliform cells that enlarge only slightly and elongate anticlinally (Fig. 18) . Meanwhile, adjacent medullary filaments elongate a few cells below the apex in meristematic regions and interconnect by secondary pit connections to form a compact rectangular network (Fig. 16) . The direction of elongation of the inner cortex shifts from anticlinal to longitudinal as inner cortex is added to the outer layers of the medulla (Fig. 16) . A short distance behind the tip, medullary cells cut off short one-celled secondary filaments that grow diagonally downward (Fig. 17 , fine arrows) and cut off terminal conjunctor cells that connect to other medullary cells below by secondary pit connections. These are the only secondary filaments formed in P. alveatus and their production does not disrupt the comparatively regular pattern of the medullary network. The rectangular character of the primary network tends to lose its regularity as primary and secondary medullary cells enlarge and elongate. Medullary cells are narrow when seen in longitudinal section (Fig. 19 ) and flattened when viewed in paradermal section (not shown). At 1.5 cm below the tip, medullary cells average 7.4 mm wide by 120 mm long, and at the base of the thallus they average 9.1 mm wide by 130 mm long. Cross-sections of an axis suggest that the canaliculate shape of the thallus results from the differential growth of the radiating cortical filaments with growth maintained for a longer time toward the rims of the channels. Curling of the tips results from differential elongation of cortical cells on the concave side compared with the convex surface.
REPRODUCTIVE DEVELOPMENT
Male, female, and tetrasporangial plants are isomorphic and essentially indistinguishable except when fertile. All three stages are dichotomously branched consisting of up to 12 orders of branches and may become quite bushy at the tips (Figs 3, 5) .
Spermatangia are formed on all sides of the thallus in the fertile tips of male plants (Fig. 7) . A spermatangial parent cell is initially superficial and is readily distinguishable by the density of its cytoplasm when stained with aniline blue. The spermatangial parent cell is usually one of two surface cells formed by the last dichotomy; however, in some instances both surface cells of a single dichotomy will function as spermatangial parent cells (Fig 20, arrows) . When only one such cell forms spermatangia, the other will cut off a terminal vegetative cell that extends beyond the fertile surface, such that the spermatangia lie in shallow pockets. Each spermatangial parent cell produces up to five spermatangia (Figs 20, 21) . A mature spermatangium possesses a terminal nucleus subtended by a prominent vacuole (Figs 20, 21 ).
The development of the procarps was not investigated in this study; however, all indications suggest that their formation follows the same pattern described by Hommersand et al. (1992) in Gigartina pistillata (S.G. Gmelin) Stackhouse. The supporting cell bears a single sterile cortical filament and a recurved three-celled carpogonial branch. At maturity the supporting cell lies deeply buried beneath five to six cortical layers with the trichogyne extending to the outer surface (Fig. 22) . The fertilization process was not observed; however, one of the first signs that an auxiliary cell may have been diploidized is its production of protrusions in every direction (Fig. 23) . Very often, meristematic activity of gametophytic cells surrounding the auxiliary cell precedes the formation of gonimoblasts. Surface cells in the vicinity of a putatively functional auxiliary cell become meristematic and initiate the formation of an envelope that will ultimately surround the gonimoblasts (Fig. 24) . Cortical cells above the putative auxiliary cell cut off rosettes of small cells on all sides (Figs 24, 25) , and medullary cells that were originally elongate undergo transverse intercalary divisions to produce a file of rectangular cells up to 14 mm long by 7 mm wide (Fig. 25) . The modified medullary cells formed by intercalary divisions cut off rosettes of small cells at about the same time that the first gonimoblast filaments are cut off from the auxiliary cell (Fig. 26, arrowheads) . A cluster of branched gonimoblast cells is clearly seen pit-connected to the auxiliary cell in Fig. 26 (inset) . Cortical filaments near the margin are also seen dividing, reforming a primary meristem that will develop into the outer envelope that will eventually surround the gonimoblasts and produce the bulging cystocarp (Fig. 26, arrows) . Gonimoblast filaments cut off from the auxiliary cell elongate and form files of cells that pass between the cell clusters that make up the modified medulla (Fig. 27) . These are seen even in late stages of cystocarp development when clusters of mature carposporangia are clearly evident (Fig. 28) . Carposporangial chains are short and typically consist of unbranched or branched files of two to five cells in which the carposporangia mature basipetally (Fig. 29) . It is unclear whether the carposporangial chains are cut off directly from gonimoblast cells or whether they are produced from the cells of the modified medulla. The fact that these cells are often interconnected with other such cells by secondary pit connections (Fig. 29) suggests that the medullary cells may play a role in carposporangia formation. The gonimoblasts and carposporangia are thrust upward into the ostiole at the same time that growth of the multiaxial primary filaments that surround it form the enclosing outer layers (Fig. 30) . Additional medullary filaments undergo transr Fig. 15 . Longitudinal section of meristematic apex of 3 cm-tall thallus (NCU 590971, liquid preserved). Scale bar 5 40 mm. Fig. 16 . Longitudinal section extending from apex to 6 mm below tip of 3 cm-tall thallus (NCU 590971, liquid preserved). Scale bar 5 100 mm. Fig. 17 . Longitudinal section 6 mm from apex of 3 cm-tall thallus showing production of secondary filaments (fine arrows) inside primary network (NCU 590971, liquid preserved). Scale bar 5 100 mm. Fig. 18 . Longitudinal section 6 mm from apex of 3 cm-tall thallus showing development of cortex at thallus margin (NCU 590971, liquid preserved). Scale bar 5 40 mm. verse divisions and produce rosettes of small cells as the cystocarp increases in size (Fig. 30, arrows) . Carpospores are released progressively through the ostiole, as is evident from the clear areas in the center of a mature cystocarp surrounded by maturing chains of carposporangia (Fig. 31) . Some of the primary medullary filaments lying to the outside stretch and form a recognizable inner layer surrounded by the cortical filaments to the outside; however, no secondary pericarp is formed. Tetrasporangial sori appear as patches on the convex side of the thallus over the last two to four dichotomies of the fertile branches. A tetrasporangial sorus is three to five cell layers thick surmounted by six to seven layers of sterile cortical filaments (Figs 32, 33 ). Only cells of primary filaments are converted into tetrasporangia. These may be branched or unbranched; however, no secondary filaments are formed that contribute to the production of tetrasporangia. Tetrasporangia are irregularly ellipsoidal in shape (about 14 mm long by about 7 mm wide) and cruciately divided with the longitudinal cleavages either taking place in the same plane or at right angles to one another. Tetrasporangia are released through the shedding of the whole sorus, leading to the loss of cortex and the appearance of islands of pale tissue.
DISCUSSION
Turner (1819) characterized F. alveatus as being narrow, linear, channeled and repeatedly dichotomously branched with the apices slightly curled and crowded, giving the plant a bushy appearance. The bushy habit was well illustrated by Turner, as reproduced here in Fig. 3 . None of the herbarium specimens attributed to Joseph Banks shares in this character. The bushy plant that Turner saw may no longer exist. Alternatively, this plant was broken up and remounted, including the lectotype (BM000610969, Fig. 2 ) and assorted samples referred to by us as isolectotypes at BM, TCD and LD as, for example, Herb. Agardh 23721 (Fig. 4) . Several specimens from the Bay of Islands, New Zealand, collected by J.D. Hooker or David Lyall during the Antarctic Expedition of the Erebus and Terror (1839-1843), are bushy. A good example is the thallus sent by Hooker to Greville in 1847 (E00375464, Fig. 5 ). The plant collected by R. Cunningham in 1835 and sent directly to Greville (E00375463, Fig. 6 ) is not bushy.
Carl Agardh (1822, p. 272; 1824, p. 223) placed the New Zealand species in his tribus Sphaerococci mamillosae gelatinosae in recognition of its cartilgineo-gelatinous texture and prominent globular cystocarps. When Greville examined samples collected by R. Cunningham from the east coast of New Zealand in 1834 (E00375466) and 1835 (E00375463) he labeled them F. alveatus Turner. Evidently, Greville suggested the name Chondrus alveatus in his correspondence with Harvey, inasmuch as several of the specimens at TCD bear the name C. alveatus Grev., and that name was published by Hooker & Harvey (1845, p. 547 ) without comment. Kü tzing (1849, p. 732) referred Turner's plant to Mastocarpus Kü tzing (1843) on the basis primarily of its exerted papilliform cystocarps. Meanwhile, Harvey had sent three collections to J. Agardh, one of which (LD 23721, Fig. 4) came originally from the Banks Herbarium and the other two, labeled 'G. alveata Harv.' (LD 23722) and 'C. alveatus Grev.' (LD 23723), were supplied by Harvey from samples collected during Hooker's Antarctic Expedition. Agardh (1851, p. 271) placed the specimens he examined in G. alveata, stressing his observation that the cystocarps emerged from the thallus margin toward the convex side. In Agardh's treatment, Mastocarpus was subsumed under Gigartina J.V.F. Lamouroux (1813) as reformulated by J. Agardh (1842, pp. 103-105) . [Agardh was unaware of Gigartina Stackhouse (1809), holotype species G. pistillata (S.G. Gmelin) Stackhouse.] Harvey (1855, p. 252) accepted G. alveata, again without comment. The Agardh name was maintained by all subsequent workers, including: Hooker (1867), J. Agardh (1876 Agardh ( , 1899 , Laing & Gourlay (1929) , Lindauer (1939) , Kim (1976) , Chapman (1979) , and Adams (1994).
Setchell & Gardner (1933) placed G. alveata in their 'Series C. Palmatae, subgenus Mastocarpus, section e (as 'c') Alveatae' along with G. ancistroclada Montagne, stating that a feature of the Alveatae is that the cystocarps are devoid of an inner pericarpic layer. Kim (1976, pp. 26, 28, 37, Table VI on pp. 71, 86) removed all of the species of subgenus Mastocarpus (Setchell & Gardner 1933) from the Gigartinaceae, except G. alveata and G. ancistroclada, which he observed as having compact enveloping tissue around the gonimoblasts, a feature that he interpreted as being diagnostic for Gigartina. Having recognized that Mastocarpus belonged in the Phyllophoraceae, Hommersand et al. (1994 Hommersand et al. ( , 1999 used Mastocarpus stellatus (Stackhouse) Guiry and Phyllophora crispa (Hudson) P.S. Dixon as outgroup taxa in their rbcL sequence analyses of the Gigartinaceae. Neighbor-joining analyses of rbcL data sets that contained over 50 samples each of Gigartinaceae and Phyllophoraceae and which used a variety of taxa in the outgroup gave the result that, whereas the Phyllophoraceae was represented by several clades, the Gigartinaceae was always monophyletic with strong (.97%) bootstrap support (Hommersand, personal observation). Again, G. alveata was the basal taxon in every analysis. The only anatomical study of G. alveata was by Lindauer (1939) , who observed that the tetrasporangia were borne in chains through the transformation of inner cortical cells that underwent two divisions to produce four cruciately arranged tetraspores. The discovery of tetrasporophytes that were isomorphic with the cystocarp-bearing gametophytes established the possibility that G. alveata was at least capable of undergoing a Polysiphonia-type life history, like that established for many members of the Gigartinaceae. Owing to the great abundance of cystocarpic plants and the comparative rarity of male and tetrasporangial plants, Hommersand (in Hommersand et al. 1999 ) speculated that carposporangia formation might be largely apomictic. This opinion was supported by his unpublished observation that carposporangial chains appeared to come primarily from vegetative cells. A comprehensive life history study is required to resolve this question.
The morphological and anatomical investigations reported here demonstrate that G. alveata differs in several important features from other members of the Gigartinaceae, and justifies the establishment of a new monotypic genus, Psilophycus W.A. Nelson, Leister & Hommersand. The vegetative anatomy of P. alveatus is unusual and, perhaps, unique in the reticulate arrangement of the columns of medullary cells in which most medullary cells cut off a cell that elongates diagonally and links by means of a secondary pit connection with a medullary cell in an adjacent file below. In contrast, most species in the Gigartinaceae produce abundant secondary medullary filaments, and in many species these make up the major part of the medulla (Zollner 1977; Leister, personal observation) . The uniform width and thickness of the segments of the dichotomously branched P. alveatus are due, in part, to the regularity in the organization of the medulla and cortex.
Spermatangia were distributed throughout the fertile parts of the plant on all sides of the thallus. The spermatangial parent cells are surface cells in all Gigartinaceae studied so far; however, most bear only one or two spermatangia at a time and do not occur in pits surrounded by the additional growth of surrounding cortical filaments (Hommersand et al. 1993) . In P. alveatus, the spermatangial parent cells bear spermatangia in clusters of three to five cells in pits surrounded by sterile cortical filaments.
The procarps of P. alveatus are borne along the margins or on the convex surface of the thallus. They are not formed in papillae, as in Mastocarpus or some papillate Gigartinaceae (Kim 1976). Procarp development is typical for members of the Gigartinaceae. The supporting cell bears a sterile cortical filament and a strongly curved three-celled carpogonial branch in which the carpogonium sits directly above the supporting cell before fertilization. The trichogyne appears to lengthen as the cortex continues growing and a potential auxiliary cell may become deeply embedded inside the thallus cortex before fertilization. Unlike the situation in Mastocarpus (Kim 1976), cells of the carpogonial branch do not produce sterile filaments. The fertilization process was not studied in our material, and the first evidence that a supporting cell may function as an auxiliary cell was the production of spinose processes from the affected cell and the simultaneous modification of surrounding gametophytic cells. Surface cells are converted into multiaxial apices and initiate the primary filaments that form the envelope. Cortical cells above the presumed auxiliary cell cut off clusters of small cells more or less simultaneously. Medullary cells that were elongate before fertilization undergo intercalary transverse divisions to produce rectangular cells that are about twice as long as broad. Their conversion is not simultaneous but appears to be progressive with the medullary cells proximal to the auxiliary cell dividing first and the process extending inward and involving additional files of medullary filaments over time. Indeed, this state of events appears to progress while gonimoblast filaments are being produced and as they radiate further into the medulla. The modified medullary cells cut off clusters of small cells in much the same way as the cortical cells.
Gonimoblast filaments emerge at several points from the inner side of an auxiliary cell. Young gonimoblast filaments are composed of small roundish cells that appear similar to those seen in other genera of Gigartinaceae. They soon, however, produce elongated filaments that pass between and grow among the modified gametophytic medullary cells. The events that follow filament elongation were not seen clearly in our material. It appeared as though the elongated gonimoblast cells fused here and there with the modified medullary cells, possibly depositing nuclei, but this was not established with certainty. In any event, cells the shape of the modified medullary cells that were pitconnected with neighboring cells of the same size and shape each produced several files of unbranched or branched filaments two to five cells long in which the cells matured r Fig. 30 . Young cystocarp consisting of developing gonimoblasts and surrounding envelope formed from apical meristems derived from cortical filaments that produce inner medulla and outer cortex and form central ostiole. Inner medullary cells (arrows) undergo transverse secondary divisions and produce clusters of small cells as cystocarp enlarges and gonimoblasts are thrust upward into ostiole (NCU 590969, liquid preserved). Scale bar 5 200 mm. Fig. 31 . Portion of mature cystocarp showing empty area in center where carpospores have been released and maturing carposporangial chains toward outside surrounded by stretched medullary filaments and thick, multilayered outer cortex of envelope (NCU 590918). Scale bar 5 200 mm. Fig. 32 . Transverse section of young tetrasporangial sorus in which two to three innermost layers of cortical cells are being converted into tetrasporocytes (NCU 590923). Scale bar 5 100 mm. Fig. 33 . Transverse section of mature tetrasporangial sorus containing five to six rows of unbranched or branched cortical filaments that have been converted into files of cruciately divided tetrasporangia (NCU 590970, liquid preserved). Scale bar 5 100 mm.
basipetally into chains of carposporangia. If true, the modified medullary cells are the principal source of the carposporangial filaments. Some clustering took place as carposporangial chains were frequently divided into groups set apart by sterile medullary filaments.
Each of the genera recognized, so far, among the Gigartinaceae have been characterized by different arrangements of gonimoblast and gametophytic tissues, often with differences in the timing of the development of the various tissues or the interactions between the two. In Rhodoglossum J. Agardh, Chondracanthus Kü tzing, Gigartina, and Sarcothalia Kü tzing, for example, large numbers of secondary vegetative filaments emanate from the vicinity of the inner cortex and medulla before the development of the gonimoblasts; in Iridaea Bory de Saint-Vincent the two develop at about the same time, and in Mazzaella G. De Toni the gonimoblasts usually develop first and secondary vegetative filaments are formed a little later. In some species of Chondrus Stackhouse secondary medullary filaments are absent. (For a review, see Hommersand et al. 1999.) Gonimoblast cells fuse with vegetative cells in various ways, sometimes with the transfer of the diploid nuclei from the former to the latter, as in Gigartina and some species of Chondrus. None of the features described here in Psilophycus, such as the production of an external cystocarp envelope from a gametophytic meristem or the formation of short secondary filaments from cortical cells and transformed medullary cells, has been seen so far in other members of the Gigartinaceae. There are some similarities. For example, intercalary divisions have been seen in medullary filaments in some species of Mazzaella (Leister, personal observation), but not at the level of activity described here in Psilophycus. It would appear that Psilophycus has undergone a long history of reproductive development along a line well separated from other Gigartinaceae.
In Psilophycus the cystocarp envelope is composed entirely of filaments that originate from surface cortical cells. These filaments resemble and grow in the same manner as multiaxial primary vegetative filaments, except that they form cortex to the outside and medullary filaments to the inside around the developing gonimoblasts. In this manner the multiaxial apices converge to form the ostiole. The emergent spherical cystocarp takes its shape because the gonimoblasts are thrust upward into the ostiole as the envelope and gonimoblasts both increase in size. No secondary pericarp is formed, such as that found in many members of the family Gigartinaceae.
The feature of the tetrasporangial development so aptly described by Lindauer (1939) in which only primary cortical filament cells are transformed into tetrasporangia is found in many genera of Gigartinaceae. Indeed, the transformation of ordinary cortical cells into tetrasporangia without the production of any secondary filaments is generally regarded as an ancestral character whose basal position is well supported by both morphological (Kim 1976, figs 53-69) and phylogenetic (Hommersand et al. 1999) evidence.
Fucus alveatus was among the first marine red algae to have been collected and described from the temperate waters of the Southern Hemisphere. In that regard, it occupies a special place in phycological literature. The fact that its development is so distinctive only adds to its continued interest and its value for future scientific study. One day, when the life history of this species has been fully probed, we may come to appreciate more fully its place in the comparative evolutionary morphology and systematics of the family Gigartinaceae and its relatives among the red algae.
